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两个系列的左手材料单元结构，即 DNA 形仿生结构和 R 形结构。在 DNA 形仿




参数。然后以此为基础构成二阶 DNA 双链左手结构，使其谐振频点降低 37%。
最后针对二阶余弦 DNA 双链左手结构，分析了余弦金属线幅度、周期、粗细等
几何参数对左手材料电磁特性的影响。 
在 R 形左手材料系列中，首先讨论了简单 R 形左手结构单元，其以简洁的
结构设计实现了在 7.3 GHz 附近的双负特性。但是由于其结构的非对称性，使其
电谐振频点与磁谐振频点相差很大：电谐振频点在 6.00 GHz，磁谐振的频点在
7.50 GHz，导致其双负特性带宽变窄。然后在 R 形左手结构上做嵌套环变形设计
出一款多频左手材料。该左手材料在 7.7 GHz，10.0 GHz，12.9 GHz 附近等多个
频段均表现出明显的左手特性，为多频左手材料的设计提供了新的思路。 
此外，本文还利用一款环形 R 负磁导率结构设计出工作频点可在 5.19 GHz









































Left handed materials show a lot of unusual electromagnetic characteristics, 
which makes them have broad application prospects in many fields, such as 
electromagnetism, microwave and antenna engineering, material science and so on. At 
present, most structural deformations of left-handed material units  working in 
microwave frequency bands derived from the classical open resonant ring and metal 
wire structure(SRR+Rod). These structures are generally regular and symmetrical, 
with narrow double negative frequency bands, high loss, large sizes, so it is difficult 
to apply them to the microwave device. 
In this paper, two series of irregular and asymmetric left handed material units 
are proposed for the operation of microwave frequency bands: DNA-shaped 
biomimetic left handed materials and R-shaped left handed materials. For the former, 
we first designed a DNA double helix left-handed structure unit, which could form a 
wide dual negative characteristics frequency band at 10 GHz with smaller size and 
very low loss. Then, an interdigital capacitance is introduced into the DNA double 
helix to control the resonant frequency and the bandwidth of the designed left handed 
material. In order to further improve the electromagnetic properties, more adjustment 
parameters are obtained through interdigital cone deformation and cutting holes on 
the interdigital finger arms. A two-order DNA double stranded left-handed structure is 
designed based on the DNA double helix, that can make the resonance frequency 
point decreased 37%. Finally, the effects of the geometric parameters of the two - 
order cosine DNA double chain left handed structure such as amplitude, period and 
thickness on the electromagnetic properties are analyzed. 
First, a simple R-shaped left-handed unit is discussed, which forms double 
negative characteristics near 7.3 GHz by a simple structure. But due to the asymmetry 
of the structure, there is a large different between electric resonance frequency and 
magnetic resonance frequency: electric resonance frequency at 6.00 GHz, magnetic 
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characteristic turn narrow. Then design a multi band left-handed material by variation 
of embedded rings. This left handed material forms a significant left handed 
characteristic in 7.7 GHz, 10 GHz, 12.9 GHz, It provides a new way for the design of 
multi frequency left handed materials. 
Applying the proposed R-shaped left handed units, this article designs a 
reconfigurable monopole antenna which can operates in two modes: single-band at 
5.19 GHz or dual-band at 3.33 GHz and 5.41 GHz. Finally, the nested R shaped 
left-handed material is loaded on the bottom of the WLAN/WiMAX dual band 
monopole antenna medium substrate to improve the radiation property. The three 
designed monopole antennas can be used in WLAN/WiMAX wireless communication 
systems. 
Key Words: Left handed materials; Irregular structure; Asymmetric structure; 
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研制的科研机构就有 18家，包括：UC，Berkeley(加州大学伯克利分校)、 Duke 















学的 Ekmekci 等人用单环谐振结构实现了双频负磁导率[16]，见图 1-1(b)。但是该
结构的负等效介电常数频段与负等效磁导率频段不重合，因此未能表现出双负特
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